Abstract -The capabilities and application of PFGC equation of state has been reviewed. In particular, the PFGC ability in predicting pure components pressure-volume-temperature and thermodynamic properties, vapor-liquid equilibria, vaporliquid-liquid equilibria and hydrate formation behavior have been discussed. In addition, its capabilities have been compared both with experimental data and other equation of states.
INTRODUCTION
Fourteen years ago in 1974, Cunningham and Wilson (ref. A-is a Flory-Huggins contribution (entropy effect), and AW is an intermolecular interaction term (enthalpy effect). It is assumed that all the expressions for the Helmholtz energy are analogous to expressions for the Gibbs energy. Hence any activity coefficient expression may in principle be used for AW, and they used a modified Wilson equation to describe the interactions between functional groups constituting the molecules rather than between molecules themselves. Based on the appropriate mathematical manipulations and using modified hole theory, Wilson and Cunningham derived the set of equations (ref. 1) for compressibility factor, chemical potential and isothermal effect of pressure on enthalpy.
Contrary to a number of successful equations of state such as SRK (ref. 2) . PR (ref. 3) . BWRS (ref. 4) . in PFGC equations, there are no defining parameters in term of the critical properties, boiling point or any other physical property except type of groups making up the particular molecule. This is a great advantage specially when dealing with heavy fractions such as the C6+ fractions commonly encountered in natural gas, crude oil or coal tar liquids systems where the critical temperature and pressure of these compounds must be estimated using empirical correlations. Usually, the estimation are based on knowledge of the "average" molecular weight, "average" boiling point and specific gravity of the fraction. Wilson et al. (ref, 5 ) and later Brule et al. (ref. 6) have shown that the existing correlations have extreme sensitivity to the values used for critical properties of the C6+ fractions.
PFGC PARAMETERS
In this equation of state, the parameters are functions only of the groups making up the individual molecules present in the system. For a defined compound such as ethane or propane, the groups present in each molecule are known, For example, there are two CH3-and one -CH2-groups in propane. There are five parameters for each group which must be known before any thermodynamic property calculations can be made. These five parameters are: Moshfeghian et al. (refs. 7, 8, 9, 10, 11) developed a set of parameters for a wide variety of compounds/groups and thoroughly evaluated their approach which was different from that of Wilson and Cunningham. riniring; cyc-cyclo; *=azeotropic mixtures, treated as pure compounds 1 fta/lbmole -6.244 x lo-" m3/mole ; 1 OR = 1.8 K
PREDICTION OF PURE COMPONENT PYT PROPERTIES
A summary of the fitting process and some predicted deviations for the PFGC-ME3 equation of state are reported by investigators (refs. 7,12) . The results shown in these references are for selected non-hydrocarbon compounds. Parameters for most polar and non-hydrocarbon components were derived by considering the components as a single functional group. The remaining compounds were fitted using the group contribution approach and a single interaction parameter. For the most part, these are predicted properties rather than fitted properties. With the exception of the data of the vapor pressure predictions for carbon tetrachloride, the predicted properties are in reasonable agreement with the experimentally determined values. The data for mono-chloromethane are particularly outstanding in that these data were predicted completely using only the group contribution. No fitting was done for this particular compound. With the exception of trans-2-butene, the predicted values appear to be in reasonable agreement with the literature data.
To further demonstrate the power of the PFGC-MES equation of state, Moshfeghian et al. (ref. 7) determined the group parameters for the OH-group in the normal alcohols by fitting ethanol, n-propanol and n-butanol. After they determined the OH-group parameters, the vapor pressure of remaining alcohols up to nC20-OH was predicted. Their results of these predictions are shown in Table 2 . With the possible exception of the higher molecular weight alcohols, C17 and above, the predicted and experimental results were in good agreement. In that study. the upper reduced temperature limit for the pure component fitting process was approximately 0.95. The comparison results between the experimental PVT data for coal derived compounds and those predicted by PFGC-MES are reported in (ref. 11). For some of the compounds studied in that reference, there was no experimental data available to make a complete comparison. For example, the only data on quinoline that they could find was its vapor pressure reported by Van De Rostyne and Prausnitz (ref. 14) . However, the predicted properties such as the saturated liquid volume, saturated vapor volume and heat of vaporization for this compound was reported in this reference. The overall comparison results between the experimental PVT data and those predicted by PFGC-MES is very good. The maximum average absolute deviation is 5.71 percent which corresponds to that of saturated vapor volume of benzene. The ability of the PFGC-MES equation of state to describe the behavior of more non-ideal systems is illustrated in Figs. 2 and 3 . These diagrams are typical of the behavior that one can expect for these kind of systems. The prediction of the liquid phase composition for methanol-benzene system (ref.
17) in Fig. 2 are not particularly good at low concentrations of benzene. However, the higher concentrations of benzene are predicted quite well. The agreement between experimental and calculated values must be considered excellent for this system. Researchers (refs. 7, 15, 18) report similar agreement between predicted and experimental hydrocarbon vapor and liquid water phase solubilities for most of the available data. TEWRATURE. OF coefficient corrections suggested by Menten et al. (ref. 23) were included by Wagner and co-workers to account for the effects of inhibitors such as methanol and glycols. Wagner, Erbar and Majeed (refs. 20) have developed a computer simulation program, AQUA*SIM, for Process design involving threephase calculations and hydrate formation as described above, based on PFGC. All of these investigators report good agreement between experimental and predicted hydrate formation or inhibition conditions. Figure 5 (ref. 15) shows a typical comparison between the experimental data and those predicted by PFGC.
VAPOR-LIQUID-LIQUID-EQUILIBRIA A N D HYDRATE FORMATION
As an example of its application for phase equilibrium and hydrate inhibition calculations, Wagner et al. (ref. 15) considered the process described by Moshfeghian et al. (ref. 20) . The feed natural gas enters a separator operating at 150 OF and 2000 psia where liquid water and hydrocarbon are knocked out. The composition of the pipeline gas leaving the separator is also given in reference (ref. 15) . The Hydrocarbon dew point curve for the pipeline gas is shown in Fig. 6 ; the water dew point curves lies inside the phase envelope. The predicted hydrate formation curve has also been plotted in Fig. 6 . The pipeline temperature and pressure profile is given in (ref. 18) . Pipeline gas leaves the separator saturated with water at 150 OF and 2000 psia. The pipeline operating line has been plotted on Figure 6 and crosses the hydrate formation curve between stations 3 and 4. If 25 weight percent methanol is added to the pipeline gas leaving the separator, hydrate formation is depressed; the pipeline operating line no longer intersect the hydrate formation curve.
The AQUA*SIM program was used to obtain the pipeline gas composition using a three-phase flash calculation. Three-phase flash calculations were also performed to determine the condensation of hydrocarbon liquid and distribution of water and methanol in the aqueous and vapor phases along the pipeline. The results which were obtained by Wagner et al. (ref. 18) provide an estimate of methanol vaporization losses from the solubility of methanol in the vapor phase. 
CONCLUSIONS
Several papers on the capabilities and applications of the PFGC equation of state have been reviewed. All of the authors who evaluated this equation of state believe that the PFGC equation of state can provide reasonable predictions for light gas components recoveries, systems involving hydrocarbon-water-methanol distribution coefficients, etc. They also believe that the PFGC approach is more specifically applicable to hydrate formation and coal liquifaction processing systems than any of the currently available methods of predicting thermodynamic properties. In addition, the PFGC has also been successfully applied to ionic systems by Friedemann (ref. 24) .
